Objective: To assess the long-term results of chemotherapy for cavitary retinoblastoma.
R
ETINOBLASTOMA IS A LIFEthreatening malignant neoplasm that manifests in the eye with features of painless leukocoria or strabismus. Intravenous chemotherapy or chemoreduction (CRD) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] and intra-arterial chemotherapy (IAC) [20] [21] [22] [23] [24] [25] [26] currently play an important role in the management of retinoblastoma. For CRD, chemotherapeutic agents (vincristine sulfate, etoposide, and carboplatin) are given through an intravenous route, whereas for IAC, chemotherapy (usually melphalan hydrochloride) is delivered directly into the ophthalmic artery. In classic cases, clinically visible dramatic tumor regression is seen after CRD 1, 9, 12, 14, [17] [18] [19] and IAC, 20, 22, 23, 25 with reduction of tumor thickness of 50% or more, leaving a partially calcified remnant in most cases.
Cavitary retinoblastoma, a rare lowgrade variant of retinoblastoma [27] [28] [29] [30] with ophthalmoscopically visible cavitary spaces, shows minimal response to CRD. 27, 28 Despite its more subtle immediate reduction after CRD, the long-term results remain unclear. In this report, we specifically review our long-term experience with CRD and IAC for cavitary retinoblastoma.
METHODS
We reviewed the medical records of patients with retinoblastoma that was managed at the Oncology Service of the Wills Eye Institute from January 1, 1999, through July 31, 2011. Patients with the diagnosis of cavitary retinoblastoma and treatment with CRD or IAC were selected for further analysis (Figure 1 and Figure 2 ). This was a retrospective, nonrandomized, noncomparative interventional case series. Institutional review board approval was obtained.
The patient data were reviewed for demographic information, clinical findings, treatment, and outcome. Each patient underwent evaluation for age at diagnosis (in months), sex (male or female), race (white, African American, Hispanic, or Asian), and hereditary pattern (familial or sporadic). Results of genetic testing (germline or somatic) were recorded whenever available. All prior treatments of the eye and previous CRD or IAC were recorded. A comprehensive ocular examination under an-esthesia was performed with assessment for laterality (unilateral or bilateral); intraocular pressure (measured by means of Schiøtz tonometry); status of the anterior chamber, iris, ciliary body, optic nerve, choroid, retina, and vitreous; overall tumor growth pattern (exophytic, endophytic, or combined exophytic-endophytic); total number of tumors per eye; total number of cavitary tumors per eye; location of cavitary tumor; total number of cavities within each tumor; size of cavities; and location of cavities within each tumor. Each tumor was measured for greatest basal dimension and thickness using indirect ophthalmoscopy and ultrasonography; the presence of associated vitreous seeds (present or absent), percentage of retinal detachment (0-100%), and presence of subretinal tumor seeds (present or absent) were recorded. All findings were documented by large fundus drawing, fundus photography with a commercially available fundus camera (RetCam; Massie Industries), fluorescein angiography, and ultrasonography ( Figure 1 ).
All patients were scheduled to receive CRD or IAC. For CRD, 6 monthly cycles of systemic intravenous chemotherapy with vincristine sulfate (0.05 mg/kg), etoposide (5 mg/kg), and carboplatin (18.6 mg/kg) were delivered. For IAC, 3 monthly cycles of melphalan hydrochloride (5 mg) were given. At the end of each chemotherapy cycle, ocular oncologic follow-up was performed by means of examination under anesthesia (Figure 2) .
At each examination, the individual tumor response was judged as complete (no viable tumor), partial (some residual viable tumor), or none (completely viable tumor). On funduscopic examination, the tumor was determined to be viable if there was no change in the funduscopic appearance of the tumor. The tumor was considered to be nonviable or to demonstrate complete tumor response when it showed decreased basal dimensions and thickness, total or partial calcification, decrease in the associated subretinal fluid, and surrounding areas of retinal pigment epithelial changes without areas of growth or recurrence.
Each cavitary tumor was measured for the greatest basal dimension, thickness, tumor regression pattern, and percentage of tumor replaced with calcium. The status of vitreous seeds (present, absent, or calcified), the status of subretinal seeds (present, absent, or calcified), and the percentage of residual subretinal fluid was noted. The percentage of decrease or increase in tumor base and thickness at the completion of chemotherapy and at the last follow-up date were calculated. Patient status at the last follow-up examination was also recorded (alive without metastasis, alive with metastasis, dead due to metastasis, or dead due to unrelated causes).
RESULTS
Of 1591 patients with newly diagnosed retinoblastoma that was managed at the Oncology Service of the Wills Eye Institute from 1999 through 2011, 37 (2.3%) had cavitary retinoblastoma. Of these 37 patients, 13 were excluded because they had not received CRD or IAC or had a follow-up duration of less than 6 months. The remaining 24 patients displayed 26 cavitary retinoblastomas in 25 eyes. The mean patient age at presentation was 16 (median, 15; range, 6-35) months. The demographic data are listed in Table 1 .
The tumor features are listed in Table 2 . The mean number of cavitary retinoblastomas per eye was 1 (median, 1; range, 1-2), the mean tumor basal diameter was 13 (median, 13; range, 7-24) mm, and the mean tumor thickness was 7 (median, 6; range, 3-17) mm. The mean number of cavities per tumor was 2 (median, 2; range, 1-5), with a mean cavity diameter of 3 (median, 2; range, 1-10) mm. Treatment variables are listed in Table 3 . Twenty-three tumors (88%) were treated with CRD, 2 (8%) with IAC, and 1 (4%) with CRD and IAC. Adjuvant therapies are also listed in Table 3 .
The mean percentage reduction in tumor diameter was 22% (median, 20%; range, 0-50%), and the mean percentage reduction in tumor thickness was 29% (median, 27%; range, 0-64%) during a mean follow-up duration of 49 (median, 20; range, 6-189) months. Outcomes are listed in Table 4 . All 24 patients had at least 6 months of follow-up; 18 (75%), more than 1 year; 12 (50%), more than 3 years; and 9 (38%), more than 5 years. On followup, complete tumor response was found in 15 of 18 tumors (83%) at 1 year and in 9 of 9 tumors (100%) at 5 years. Overall, globe salvage was achieved in 22 eyes (88%). Enucleation was necessary for tumor recurrence (n=1), neovascular glaucoma (n=1), and optic nerve enhancement with suspected recurrence (later findings were negative) (n=1) ( Table 5) . We reviewed pathology results of the 3 enucleated eyes. In all 3 eyes, tumors were well differentiated with extensive areas of photorecep- tor differentiation and had no viable tumor at the edges of the cavities. Of these 3 eyes, 1 had extensive focus of necrotic retinoblastoma with scattered foci of viable retinoblastoma in the anterior retina and subretinal space, and the remaining 2 eyes had no viable retinoblastoma. No metastasis or death occurred in any case.
COMMENT
Retinoblastoma is known to respond dramatically to chemotherapy, including CRD 1 , 9 , 1 2 , 1 4 , 1 7 -1 9 and IAC. 20, 22, 23, 25, 26 In a series of 457 tumors reported by Shields and associates, 9 the mean tumor reduction in basal diameter and thickness after CRD was 43% and 50%, respectively, with a tumor recurrence rate of 20%. Similar dramatic tumor responses have been found after IAC. 20, 22, 23, 25 In a previous report of tumor response after CRD for cavitary retinoblastoma, the mean tumor reduction was 19% in basal diameter and 18% in tumor thickness, without tumor recurrence during a mean follow-up of 32 months. 27 Cavitary retinoblastoma is a rare variant of retinoblastoma, which has ophthalmoscopically visible lucent cavities within the tumor. 27 The cavitary spaces appear hollow on ultrasonography and hypofluorescent on angiography (Figure 1) . 28 Histopathologically, the cavitary spaces have been shown to represent areas of photoreceptor differentiation. Ts'o and colleagues 29 reviewed 300 eyes with retinoblastoma and found 18 tumors with associated photoreceptor differentiation in the adjacent area of cavitary spaces. Demirci et al 31 reviewed histopathologic findings in eyes with retinoblastoma treated with CRD and reported mean tumor reductions in basal diameter and thickness of only 17% and 32%, respectively, in well-differentiated tumors and, in contrast, tumor reductions of 35% in basal diameter and 55% in thickness in tumors that were not well differentiated. In 2004, our group 27 reported clinical features in 15 patients with cavitary retinoblastoma, and we found a relatively poor immediate clinical response of this variant to CRD. We concluded that cavitary retinoblastoma shows minimal visible response after CRD but speculated that this could be a sign of tumor differentiation. In a separate analysis of 68 cases of macular retinoblastoma treated with CRD and thermotherapy, tumor recurrence was found in 6 of 40 tumors (15%). 32 However, those tumors classified as cavitary showed only 1 recurrence in 26 tumors (4%) at 4 years.
In our present analysis, we confirm persistent longterm stability of cavitary retinoblastoma after CRD or IAC. Despite the relatively blunted clinical response with less dramatic shrinkage, long-term tumor control is typically achieved. We also observed that cavitary 
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